1. To study etiological, clinical, and radiological profile as well as outcome of PRES in North Indian population Background: Although first described more than two decades ago, posterior reversible encephalopathy syndrome (PRES) continues to be enigmatic. We prospectively followed consecutive patients of PRES both clinically and radiologically for a better understanding of natural history, symptomatology, and prognosis of this not so uncommon entity. Patients and Methods: The current study included 22 consecutive patients of PRES who were followed both clinically as well as radiologically at a tertiary care institute in Northern India from December 2014 to June 2016. Results: Mean age was 30.68 ± 12.68 years. The most common symptoms included altered sensorium (77.3%), headache (72.7%), seizures (63.6%), vomiting (36.4%), and visual disturbances (22.7%). About 94.5% of patients had parieto-occipital signal changes on neuroimaging. Magnetic resonance imaging (MRI) (n = 20) revealed involvement of sites considered atypical for PRES in 95% (frontal [55%], temporal [40%], cerebellum [40%], basal ganglia [15%], deep white matter [10%] and brainstem [10%]). Diffusion restriction, haemorrhage, and contrast enhancement were seen in 30%, 22.2%, and 25% of patients. At 3 months follow-up, modified Rankin scale was 0 in 19 patients and 1 in 1 patient. Two (9.1%) patients died. Eight (36.4%) patients had eclampsia, 5 (22.7%) each had chronic kidney disease and essential hypertension whereas 2 (9.1%) each had immune-mediated disorders and drug-induced PRES. None of the clinical or imaging features predicted outcome in PRES. Conclusion: Atypical MRI presentations of PRES are common, and there is a need to keep a strong index of suspicion for the diagnosis of PRES. The prognosis of PRES is good, and most cases show excellent recovery, particularly if underlying etiology can be treated satisfactorily.
IntroductIon
Ever since its first description by Hinchey et al. [1] in 1996, many cases of posterior reversible encephalopathy syndrome (PRES) have been reported worldwide. [2, 3] Diagnosis of PRES is based on a constellation of clinical and radiological findings, the common clinical symptoms being altered consciousness, seizures, headaches as well as visual disturbances, and common radiological findings being reversible signal changes in the subcortical white matter areas of the brain. The common radiological changes on noncontrast computed tomography (CT) scan of brain include hypodense lesions in areas supplied by posterior cerebral circulation while magnetic resonance imaging (MRI) of brain often reveals areas of vasogenic edema as hypointense areas on the T1-weighted MR images and hyperintense areas on the T2-weighted/fluid-attenuated inversion recovery (FLAIR) MR sequences, with lack of diffusion restriction. [2, 3] In spite of unique clinical presentation and a characteristic radiology, the uncommon occurrence and varied presentation of PRES can result in diagnostic difficulties resulting in unnecessary diagnostic and therapeutic interventions. Furthermore with increasing use of MRI in neurology, more and more atypical presentations of PRES are being recognized, knowledge of which is essential to correct diagnosis appropriate management. Furthermore, natural history of PRES has not been delineated in detail. Although conventionally thought to be reversible, recent studies have suggested that this may not always be true with a reported mortality rate of 15% [4, 5] and a significant risk of subsequent neurological impairment. [3] [4] [5] [6] [7] Despite a well known entity for the past two decades, much of the information regarding PRES has come from poorly conducted prospective studies or retrospective data. In addition, there is remarkable lack of studies from Indian subcontinent. [8] Thus, we planned to carry out this study for better understanding of prevalence, natural history, and prognosis of this not so uncommon disease entity.
PatIEnts and mEthods
The current prospective longitudinal observational study was conducted at a tertiary care institute in Northern India from December 2014 to June 2016. During this period, we identified 22 consecutive patients with PRES who were included in the study. As we planned at least 3 month follow-up for each patient, recruitment of patients was limited to the first 15 months of the study period. The study was improved by Institutional Ethics Committee and written informed consent was obtained from all the patients before inclusion in the study. The inclusion criteria for the study are listed below: Care was taken to exclude conditions which may mimic PRES, including but not limited to encephalitis, acute disseminated encephalomyelitis, central nervous system vasculitis, cerebral venous sinus thrombosis, mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episode, Creutzfeldt Jacob disease and cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy, through relevant clinical and laboratory data.
Once enrolled, detailed history was obtained and thorough general physical, systemic and neurological examination was carried out. All the relevant clinical and radiological data were noted on a predesigned pro forma. Hypertension was diagnosed on the basis of Joint National Committee 8 criteria. [9] All the patients underwent detailed laboratory testing, MRI brain as well as ophthalmological testing by a trained ophthalmologist. Visual evoked potentials (VEPs), fundus examination, visual field charting, electroencephalography (EEG), and cerebrospinal fluid (CSF) analysis were carried out whenever deemed necessary. Modified Rankin scale (MRS) scoring [10] was used as an outcome measure for the degree of disability or dependence both at presentation and at 3 months follow-up.
Imaging studies were reviewed by an experienced neuroradiologist, and discrepancies were reviewed to come to a consensus. All patients underwent MRI imaging with T2 weighted, T2 FLAIR, T1-weighted, and diffusion-weighted imaging sequences. Additional sequences like contrast-enhanced T1-weighted and time-of-flight intracranial MR angiography, were done whenever deemed necessary.
A diagnosis of PRES was considered whenever typical imaging findings were seen as described by Bartynski and Boardmann: [11] 1. Dominant parieto-occipital (PO) pattern 2. Holohemispheric watershed pattern 3. Dominant superior frontal sulcus pattern 4. Asymmetrical or partial expression (A/P) of the three primary patterns.
The imaging findings were also described according to their site, i.e., frontal, parietal, occipital, temporal, deep white matter, basal ganglia/thalami, brainstem, and cerebellum as well imaging characteristics. Data were expressed in frequency, percentage, mean, median and standard deviation (SD) as per variability of data. Two-tailed P ≤ 0.05 was considered statistically significant with 95% confidence interval.
Statistical analysis

rEsults
Demographic features
Mean (± SD) age was 30.68 ± 12.68 years (range 15-68 years). Maximum patients (n = 9, 40.90%) were in the 3 rd decade of age followed by five (22.72%) in the 4 th decade. Thus, PRES is a disorder of young adults. Females (n = 17, 72.3%) dominated the study group.
Clinical features
In the current study, the most common presentation was encephalopathy (n = 17; 77.3%), followed by headache (n = 16; 6, 7, 13, 17, 19, 20 in Tables 1 and 2 ] needed mechanical ventilation. These results are summarized in Table 1 .
Radiological features
Twenty-one (94.45%) patients had CT/MRI changes in the PO regions similar to the changes which are classically stated in the literature. The MRI findings (n = 20) are summarized in Table 2 .
The most striking feature noted in our study group was the predominance of involvement of atypical sites on MRI (n = 19; 95%), i.e., involvement of areas beyond the classically described posterior circulation territory. Atypical sites of signal changes included frontal (n = 11; 55%), temporal (n = 8; 40%), cerebellum (n = 8; 40%), basal ganglia (n = 3; 15%), deep white matter (n = 2; 10%), and brainstem (n = 2; 10%) [ Figures 1 and 2 ]. 
Hemorrhage in posterior reversible encephalopathy syndrome
Diffusion restriction in posterior reversible encephalopathy syndrome (n = 20)
Six (30%) of patients had restricted diffusion on MR imaging. The sites included occipital and parietal regions (n = 6), cerebellum (n = 3), temporal/brain stem/basal ganglia (n = 1 each) [ Figure 1 ].
Contrast enhancement (n = 16)
Four (25%) individuals had evidence of contrast enhancement. Four individuals did not undergo gadolinium enhanced evaluation primarily due to deranged renal function tests. The sites of contrast enhancement included parietal regions (n = 3) followed by frontal (n = 2) and temporal (n = 1) regions.
Follow-up data
Two (9.1%) patients succumbed to their illness. One of these had bilateral renal masses suggestive of renal malignancy. She (patient 6 in tables) presented with altered sensorium and tachypnea and was diagnosed to have PRES with aspiration pneumonia and sepsis. She was managed in our intensive care unit and succumbed on day 2 of the illness. Another patient (patient 7 in tables) developed HELLP syndrome with multi-organ dysfunction and acute kidney injury in setting of eclampsia. She was managed in intensive care unit but succumbed on day 5 of illness secondary to ventilator associated pneumonia with sepsis and septicemic shock. On detailed analysis, we could not find any clinical or imaging parameter which could predict final outcome in PRES at presentation, though there was a trend between need for mechanical ventilation (P = 0.065) and poor outcome. All the remaining patients were followed up for a minimum of 3 months both clinically and by MRI. MRS score at admission was 5 in 16 patients, 4 in 2 patients, and 3 in 4 patients. At 3 months follow-up, MRS was 0 in 19 patients and 1 in 1 patient. Thus, all the patients were functionally independent at follow-up. Followup MRI at 3 months revealed complete resolution of signal abnormalities in 16 (80%) and partial resolution of signal abnormalities in four (20%) patients. All four individuals with partial resolution had hemorrhages. All these four patients are doing well during follow-up period.
Neuro-ophthalmological and other investigation findings
In the current study, all patients underwent ophthalmology evaluation at presentation and at follow-up. Fundus examination did not reveal disc edema in any patient. There were changes suggestive of hypertensive retinopathy in 4 (18.2%) patients. VEPs (Goggle) were done at presentation only in all five patients with visual disturbances. Both the patients without visual perception and one patient with visual disturbances had absent waveforms. At follow-up, flash VEPs were normal in all these patients. Bedside EEG was done in all patients with encephalopathy. However, it could be done in only seven patients during acute phase in whom it revealed diffuse slowing (theta-4; delta-3). Multifocal spikes were seen in three patients. None of the patients had evidence of electrical status. Follow-up EEG done at 3 months before tapering of antiepileptic drugs was normal in all (n = 20) patients. CSF examination done in three patients (number 9, 13, and 18) did not reveal any biochemical abnormality.
Etiology of posterior reversible encephalopathy syndrome (n = 22)
In the current study, eight (36.4%) patients had eclampsia, five (22.7%) had chronic kidney disease, five (22.7%) had essential hypertension and two each (9.1%) had immune mediated disorders and drug-induced PRES (one-dapsone; one-probably secondary to anti-tubercular/antifungal drugs).
dIscussIon
Although PRES has been described approximately 20 years back, our knowledge about this entity continues to be plagued by lack of well conducted prospective studies with good follow-up. In the current study, we prospectively followed 22 patients of PRES with complete clinical, ophthalmological and MRI data both at presentation and at 3 month follow-up to delineate its clinico-radiological profile and prognosis in a comprehensive manner.
Demographic profile and clinical features
The age and sex distribution in the present study was similar to that reported in several other studies. [1, 8, 12] The main reason for female preponderance in current series is probably related to the fact that eclampsia accounted for 36.4% of all cases.
In the current series, the most common cause of PRES was eclampsia (36.4%) followed by hypertension and chronic kidney disease (22.7% each). Our findings are in direct agreement with three studies [12] [13] [14] and in contrast to three studies who reported hypertension [15] and dugs [1, 16] as the most common causes for PRES. The difference in etiologies in different series is likely related to differences in patient profile of various centers.
Regarding clinical features, though frequency of most of symptoms was similar to that reported previously, [1, 8] visual symptoms were reported less commonly in our series despite the fact that all patients underwent detailed evaluation by a trained neuro-ophthalmologist. The reason for this discrepancy is not clear. One reason for this may be that many of our patients were in encephalopathy at time of initial evaluation and thus they did not report visual disturbances.
Neuroimaging findings
The frequency of involvement of commonest brain regions (parietal and occipital) [ Figure 3 ] in current series was similar to those described previously. [1, 5, 17] The involvement of atypical sites in present series was in accordance with several previously described studies. [12, 16, 18] In addition to involvement of atypical sites, we also noted presence of hemorrhages, diffusion restriction and contrast enhancement on MRI, features which are considered atypical for PRES. Knowledge of atypical radiological presentations of PRES will help primary care physicians as well as neurologists in more accurate diagnosis and better management of PRES. The comparison of atypical neuroradiological findings in different series is shown in table three.
Outcome in posterior reversible encephalopathy syndrome
Mortality is uncommon in PRES. Our study reports a mortality rate of 9.09%. Two individuals succumbed to death on day 2 and day 5 of hospitalization, respectively. Hinchey et al. [1] did not report mortality in his study group. Highest mortality was noted by Lee et al., [15] who reported mortality rate of 15.1%. Both our patients who died had serious underlying multisystem disorders. Among the remaining 20 patients who survived, all were functionally independent at 3 month follow-up with MRS score being 0 in 95%. Sufficient data were not available to compare this finding with those of other authors. Regarding radiological recovery, nearly 75% of patients in our series showed complete radiological recovery at 3 months follow up similar to previously reported series. [1, 15, 16, 18, 19] We used intravenous methylprednisolone empirically in two patients who had absence of perception of light on ophthalmological examination. Both these patients recovered during the hospital stay. Steroids are known to benefit vasogenic edema and we used steroids in both the patients after ruling out infections and with meticulous attention to control of blood pressure. However, it shoud be noted that steroid use may be associated with PRES and thus future well conducted prospective studies are needed before their routine use can be recommended in PRES. On detailed analysis, we could not find any clinical or imaging parameter which could predict final outcome at time of presentation. Our findings were in contrast to a meta-analysis done by Chen et al., [20] who reported presence of brain hemorrhage to be associated with poor and toxemia to pregnancy to be associated with good outcome in PRES (pooled odds ratio being 4.93 [95% confidence interval [CI]: 3.94-6.17; P < 0.0001] for hemorrhage and 0.24 [95% CI: 0.15-0.40; P < 0.0001) for toxemia of pregnancy, respectively]. The main reason for this discrepancy is likely related to small sample size of our study and the fact that most of patients showed good outcome in our cohort.
conclusIon
The present study has given important insights into clinico-radiological profile of PRES. Atypical MRI presentations are common and there is a need to keep a strong index of suspicion for diagnosis of PRES in appropriate clinical settings. With a mortality of <10%, we reaffirm the fact that, a catastrophic presentation of PRES does not foster a sinister outcome. In the absence of severe systemic disease and multiorgan dysfunction, we noted the outcome of PRES to be excellent.
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